Flooding is the simplest and most commonly used mechanism for broadcasting in mobile ad hoc networks (MANETs), where each node retransmits every uniquely received message exactly once. Despite its simplicity, it can result in high redundancy, contention and collision, a phenomenon referred to as the broadcast storm problem. In this paper, we propose an enhanced counter-based scheme to mitigate this problem by incorporating probability concept into counter-based scheme. We evaluate the performance of our scheme by comparing it with flooding, fixed probability and counter-based scheme. The simulation results reveal that the new scheme achieves superior performance in terms of both saved rebroadcast and end to end delay, and reachability comparable to flooding in medium and dense networks.
INTRODUCTION
Mobile ad hoc mobile networks (MANETs) are decentralized and self-organized communication systems of mobile nodes that can be formed on fly without the aid of any pre-existing infrastructure and centralized administration [1, 2] . Scenarios that might benefit from MANETs technology includes rescue/emergency operations in natural or environmental disaster areas, military operations, mobile conference, and home networking [3] . Broadcasting is a means of diffusing a message from source node to all other nodes in the network. It is a fundamental operation in MANETs and a building block for most network layer protocols. Most of the major routing protocols [4] [5] [6] use a simplistic broadcasting method called flooding for disseminating route discovery and maintenance processes, or network topology updates.
Flooding was first suggested in [7] , where each node in the network rebroadcasts every uniquely received message exactly once. However, flooding is costly and can results in serious redundancy and collision in the network. A scenario referred to as the broadcast storm problem [8] . To mitigate this problem, several schemes [8] [9] [10] [11] [12] have been proposed which include probabilistic [8, 11, 13] and counter-based [8] [9] [10] among others. In probabilistic schemes, a mobile node rebroadcasts a message according to certain probability while in counter-based schemes messages are rebroadcast only when the number of copies of the message received at a node is less than a threshold value.
However, probabilistic schemes achieves higher saved rebroadcast at the expense of reachability and on the other hand counter-based schemes achieves better throughput and reachability, but suffer from relatively longer delay [8, 12] .
In this paper, we proposed an enhanced counterbased scheme that combines the advantages of probabilistic and counter-based schemes. We set an optimal rebroadcast probability at each node if the packet counter is less than the threshold value, as against rebroadcasting the message automatically. This is because the packet counter is not exactly equal to the node number of neighbors. Otherwise we drop the message. We compare this scheme with simple flooding, fixed probability and counter-based scheme. Simulation results reveal that this simple modification can achieve better performance in various network situations.
The rest of the paper is organized as follows: In Section 2, we introduce the related work on probabilistic and counter-based broadcasting. The description of our scheme is presented in Section 3. We evaluate the performance of our scheme and present the simulation results in Section 4. Finally, concluding remarks are presented in Section 5.
RELATED WORK
This section sheds some light on the research work related to probabilistic and counter-based broadcasting schemes.
Ni et al [8] proposed a probability-based scheme to reduced redundant rebroadcast and differentiate timing of rebroadcast to avoid collision. The scheme is similar to flooding, except that nodes only rebroadcast with a predetermined probability P. In the same work counterbased scheme is proposed after analysing the additional coverage of each rebroadcast when receiving n copies of the same packet.
In their follow-on work [10] , the authors have proposed an adaptive counter-based scheme in which each node dynamically adjust its threshold value C based on its number of neighbors. Specifically, they extend the fixed threshold C to a function C(n), where n is the number of neighbors of the node. In this approach there should be a neighbor discovery mechanism to estimate the current value of n. This can be achieved through periodic exchange of 'HELLO' packets among mobile nodes.
Recently, Zhang and Agrawal [12] have described a dynamic probabilistic broadcast scheme which is a combination of the probabilistic and counter-based approaches. The scheme is implemented for route discovery process using AODV as base routing protocol. The rebroadcast probability P is dynamically adjusted according to the value of the local packet counter at each mobile node. Therefore, the value of P changes when the node moves to a different neighborhood; for example, in sparser areas, the rebroadcast probability is large compared to denser areas. To suppress the effect of using packet counter as density estimates, two constant values d and d1 are used to increment or decrement the rebroadcast probability. However, the critical question is how to determine the optimal value of the constants d and di.
In this paper, we proposed an enhanced counterbased scheme which combines the merits of probabilistic and counter-based algorithms to yield a better performance metrics in terms of saved-rebroadcast and reachability. The detail of our scheme is described in the next section.
ENHANCED COUNTER-BASED SCHEME
In this section, we discuss our counter-based scheme that aims to mitigate the broadcast storm problem associated with flooding. The method is referred to as Enhanced Counter-Based broadcast scheme (ECS). The use of ECS for broadcasting enables mobile nodes to makes localized rebroadcast decisions on whether or not to rebroadcast a message based on a forwarding probability value. Essentially, this adaptation provides a more efficient broadcast solution in sparse and dense networks.
In ECS, a node upon reception of a previously unseen packet initiates a counter c that will record the number of times a node receives the same packet. Such a counter is maintained by each node for each broadcast packet. After waiting for a random assessment delay (RAD, which is randomly chosen between 0 and Tmax seconds), if c reaches a predefined threshold C, we inhibit the node from this packet rebroadcast. Otherwise, if c is less than the predefined threshold, C, the packet is rebroadcast with a rebroadcast probability P (because the value of the packet counter does not necessarily correspond to the exact number of neighbours of a current node). Thus, the selection of an optimal forwarding probability is vital to the performance of our scheme.
The most important factor in our scheme is the selection of the forwarding probability P. We first conduct extensive simulations to determine the optimal forwarding probability. Figure 1, 2 and 3 shows the performance of different forwarding probabilities for varying the number of nodes deployed in an area of 600 x 600 m2 with I00m transmission range.
Based on the results in figure 1, 2 and 3, we choose a probability value that saved higher rebroadcast and incurred relatively lower end-to-end delay but without degrading reachability ratio. Therefore, we opt for forwarding probability value P = 0.5 which we used in the implementation of the new scheme. A brief outline of the Enhanced Counter-Based Scheme (ECS) is presented in figure 4 . 82.-~~~~~~---~~~-&=04 .
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PERFORMANCE EVALUATION
This section evaluates the performance of our scheme using ns-2 packet level simulator (v.2.29) [14] . We provide a side by side implementation with counterbased, fixed probability and flooding, and compare the results with those obtained from the three approaches. The performance analysis is based on the assumptions widely used in literature [4, 5] . i. All nodes participate fully in the protocol of the network. ii.
Packet may be corrupted or lost in the medium during transmission. iii.
All mobile nodes are homogeneous. The random waypoint mobility [15] is used with zero pause time and max speed of 20m/s. However, other network parameters are outlined in Table 1 and are commonly used in previous studies [8, 9] . 
Simulation Results
The simulation output is collected using batch mean method where each data point represents an average of 30 different randomly generated mobility models with 95% confidence intervals.
4.1.1. Saved Rebroadcast Figure 5 shows the SRB of our scheme, fixed probability, counter-based and flooding. ECS has superior SRB of 57% in sparse networks (25 nodes) and 67% in dense network than the other schemes. Thus, ECS has superior performance in various network densities. Figure 6 show that flooding has best performance in terms of reachability, reaching about 100% of the nodes. ECS achieve a reachability of about 89% in sparse networks and above 98% in any other network density. In all network densities, ECS has superior reachability compare to fixed probability and counter-based schemes. The ECS has comparable reachabilty performance to flooding in medium to high density networks (50 -150 nodes). Figure 7 shows the effect of network density on end-toend delay of broadcast packets. As shown in the figure, ECS exhibits lower end-to-end delay than counter-based, fixed probability and flooding. Since rebroadcast packet collide and contend for channel with each other, and ECS has highest saved rebroadcast. Thus, it should have the lowest end-to-end delay.
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CONCLUSIONS
This paper has proposed an enhanced counter-based broadcast scheme for MIANETs that mitigate the broadcast storm problem associated with flooding. Compared to flooding, fixed probability and counterbased schemes, our simulation results have revealed that the enhanced counter-based scheme can achieve up to 67% saved rebroadcast and relatively lower end-to-end delay without sacrificing reachability in both medium to high density networks. As a continuation of this research, we plan to use two probability values for the scheme, in order to distinguish between nodes in sparse network and that of a dense network. Furthermore, we intend to build an analytical model for our enhanced counter-based scheme in order to facilitate its validation strategy. N1liflnb-of Nodes Figure 7 . End-to-end delay of the four schemes against network density
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